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The literature on public perceptions of, and attitudes towards, 
nanotechnology used in the agrifood sector is reviewed. 
Research into consumer perceptions and attitudes has focused 
on general applications of nanotechnology, rather than within the 
agrifood sector. Perceptions of risk and benefit associated with 
different applications of nanotechnology, including agri-food 
applications, shape consumer attitudes, and acceptance, 
together with ethical concerns related to environmental impact 
or animal welfare. Attitudes are currently moderately 
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positive across all areas of application. The occurrence of a 
negative or positive incident in the agri-food sector may crys-
tallise consumer views regarding acceptance or rejection of 
nanotechnology products. 
 
 
Introduction  
Understanding the socio-cultural and historical contexts which 
determine people’s attitudes to, and acceptance of, emerging 
technologies, and their applications, is now rec-ognised by 
stakeholders in academia, industry and policy communities as 
being an important determinant of their successful 
implementation and commercialisation (e.g. Cardello, 2003; 
Gupta, Fischer, & Frewer, 2012; Lowe, Phillipson, & Lee, 
2008). Nanotechnology applied within the agri-food sector is 
not exceptional in this regard (Neethirajan & Jayas, 2011; 
Roco, 2003). However, at the time of writing, the focus of the 
literature on societal accep-tance of agri-food nanotechnology 
is much more limited in comparison to that associated with 
earlier, controversial agri-food technologies, in particular the 
application of Ge-netic Modification (GM) to food production 
(Costa-Font, Gil, & Traill, 2008; Frewer et al., 2013). The aim 
of this re-view is to map issues associated with consumer 
perceptions of, and attitudes towards, technology applied to 
agri-food production, to contextualise this by reviewing what is 
known about consumer perceptions of, and attitudes to-wards, 
nanotechnology applied to agri-food production in particular, 
and to extrapolate to existing and emerging ex-amples of 
nanotechnology applied in the agrifood sector. 
 
It has been argued by various academics and other key 
stakeholders that the application of agrifood technologies as 
such may not automatically be rejected by the public, but 
that societal acceptance or rejection of specific applica-tions 
is shaped by the way the specific characteristics of agrifood 
technology applications are viewed in relation to the values 
held by members of society. This may include, inter alia, 
the extent to which applications are perceived to be risky or 
beneficial, either to individuals or society as a whole (e.g. 
Alhakami & Slovic, 1994; Eiser, Miles, & Frewer, 2002; 
Frewer, Bergmann, et al., 2011; Frewer, Norde, Fischer, & 
Kampers, 2011; Gaskell et al., 2004), and the extent to 
which the regulatory context in which the technology is 
embedded promotes legislation and governance practices 
which optimise consumer and envi-ronmental protection 
(e.g. Cvetkovich, 2013; Lang & 
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Hallman, 2005). An added level of complexity regarding the 
acceptance of emerging agri-food technologies is pro-vided 
by dynamic socio-cultural shifts in societal values, for 
example, emerging consumer preferences for environ-
mentally friendly production systems, (Kriwy & Mecking, 
2012), localised food production, (e.g. Hingley, Mikkola, 
Canavari, & Asioli, 2012), and improved animal welfare 
standards (Lagerkvist & Hess, 2011; although see Harvey & 
Hubbard, 2013), which makes it difficult to create a long 
term commercialisation trajectory for a new agrifood 
technology based on existing influential societal values. 
Nevertheless, if novel agrifood technologies are perceived 
by consumers to act against their existing preferences, (for 
example, through negative impacts on the environment, 
increased globalisation of the food supply or compromised 
animal welfare standards), or if consumers perceive that 
they have been unknowingly exposed to risky or unethical 
food risks associated with innovations in agricultural pro-
duction, (Frewer & Salter, 2002), then acceptance of prod-
ucts may be problematic.  
In this context, various societal drivers influence how 
and when technologies are applied to agri-food production, 
independent from, or even opposed to, currently dominant 
consumer values. Increased concerns about local, regional 
and global food and nutrition security (e.g. Godfray et al., 
2010; Misselhorn et al., 2012; Subramanian, Kirwan, & 
Pink, 2010), have highlighted the need to opti-mise supply 
and demand of food commodities at a global rather than 
local scale. This concern arises in a world where climate 
change, growth in populations, and socio-demographic 
changes such as urban migration, and increased average age 
of populations, place further de-mands on food supply. 
Technological as well as social inno-vation is required if 
food security is to be delivered to an increasing global 
population (Ingram, Gregory, & Izac, 2008). Integrating 
nanotechnological innovation with soci-etal preferences and 
priorities for food security solutions may be of benefit in this 
regard (Frewer, Bergmann, et al., 2011; Frewer, Norde, et 
al., 2011). A case in point, in affluent societies in particular, 
the demand for functional foods and ingredients, which can 
more precisely focus nutritional needs to the health 
requirements of the individ-ual, are a priority for some 
population segments (e.g. Bech-Larsen & Scholderer, 2007; 
Schmidt, 2000), and this may increase demand for foods 
which are produced using nano-technology which confer 
health benefits. At the same time, the adoption of “post-
productivist” values appears to be a widespread reaction to 
the green revolution and subsequent developments in 
monoculture, high-input technologies, have been described 
as the industrialisation of agriculture in the second half of 
the last century (Coles et al., in preparation). The post-
productivist rural economy is char-acterised by reductions 
in food output, and progressive withdrawal of state subsidies 
for agriculture, together with differential land use, a focus 
on a more sustainable agricultural system, animal welfare, 
environmental balance 
 
and a more local and regionally based approach to produc-
tion. Such developments in agriculture are accompanied by 
a more diverse, structured and rigorous regulatory system 
with increased environmental regulation of agriculture and 
greater consumer engagement at all stages of the food-chain. 
This is particularly relevant in relation to issues of food 
quality, safety, and choice (Burchart, 2007; Burton & 
Wilson, 2006; Ilbery & Kneafsey, 1998; Lowe, Murdoch, 
Marsden, Munton, & Flynn, 1993). Technological innova-
tion in the agrifood sector must, refocus on the develop-ment 
of foods and food commodities that deliver specific benefits 
in line with stakeholder and consumer expecta-tions, as well 
as deliver adequate, safe and nutritious food.. Within this 
context, consumer priorities and prefer-ences regarding the 
development and implementation of previous agrifood 
technologies represents an important consideration in 
shaping how agrifood process and products are developed 
(Griffin & Hauser, 1993; Gupta, Fischer, van der Lans, & 
Frewer, 2012; Raley, Ragona, Sijtsema, Fischer, & Frewer, 
submitted for publication; Ronteltap, Fischer, & Tobi, 2011; 
Van Kleef, van Trijp, & Luning, 2005).  
Furthermore, as has been demonstrated by the case of GM 
foods, the extent to which people perceive these foods to be 
unnatural, and have ethical concerns about technology as 
“tampering with nature”, are associated with higher risk 
perceptions and lower perceptions of benefit (Bredahl, 2001; 
Costa-Font et al., 2008; Fife-Schaw & Rowe, 1996; Frewer, 
Howard, & Shepherd, 1997, Frewer et al., 2013; Knight, 2009; 
Mather et al., 2011). This may be linked to the societal 
perception that any negative and unintended biological effects 
were irreversible once living GM organ-isms were released into 
the environment, as “unnatural” traits could potentially be 
conferred on “descendant” organ-isms (Torgersen, 2009). The 
societal response towards GM foods has been frequently 
posited as representing the normative societal response to any 
technological innovation in the agrifood sector. However, some 
recently imple-mented food technologies, such as high pressure 
processing or other cold food preservation technologies 
(Nielsen et al., 2009; Sorenson & Henchion, 2011) have been 
accepted by both society in general and consumers, with little 
societal discussion of their merits or otherwise (Frewer, 
Bergmann, et al., 2011; Frewer, Norde, et al., 2011). Whilst 
several authors have conducted comparative reviews of 
research focused on consumer perceptions of, and attitudes 
towards, technologies applied to agrifood production, including 
nanotechnology, these have failed either to consider agrifood 
nanotechnology in detail (being focused on gene technologies 
applied to food production, where there are more data available 
(e.g. Gupta, Fischer, & Frewer, 2012), or have discussed 
generic attitudes towards food technologies rather than 
nanotechnology specifically (e.g. Synergist, 2008), or have 
failed to consider the factors underpinning the lack of current 
societal discourse regarding agri-food nanotechnology relative 
to other, 
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earlier, controversial food technologies, which is observ-
able at time of writing (e.g. Frewer, Bergmann, et al., 2011; 
Frewer, Norde, et al., 2011; Gupta, Fischer, & Frewer, 
2012; Rollin, Kennedy, & Wills, 2011; Siegrist, 2008) or 
have been confined to European research (Rollin et al., 
2011). 
 
Extrapolating from other examples of emerging 
technology applied to agrifood production  
It has also been argued that lessons from mistakes made 
when agrifood technologies were introduced have facili-
tated the identification of factors which will result in soci-
etal acceptance or rejection of subsequent technologies 
(David & Thompson, 2011; Kuzma & Priest, 2010). How-
ever, there is more research regarding focused on why agri-
food applications have been rejected than that seeking to 
explain what factors determine acceptance. This may be 
because research sponsors fund research into social re-
sponses to technologies after a particular technology or 
application had been rejected, rather than prior to its intro-
duction and commercialisation (Frewer, Bergmann, et al., 
2011; Frewer, Norde, et al., 2011). The features or charac-
teristics of the application which will lead to acceptance 
have not been identified before the product has been com-
mercialised, or incorporated into the design of the product. 
Furthermore, societal and cultural values are not static, but 
are co-determined by socio-economic and biophysical fac-
tors, which are continually changing. Thus the relative (lack 
of) consumer debate associated with consumer accep-tance 
of nanotechnology may relate to changes in cultural values 
between the mid 1990’s, when the first GM agricul-tural 
applications were introduced, and the present time, when 
nanotechnology applied to food production is ready for 
commercialisation.  
Food products developed using nanotechnology will be 
increasingly made available to consumers. Consumer per-
ceptions and attitudes will be important determinants of their 
commercial success or failure. An overview of the research 
focused on public perceptions of, and attitudes to-wards, 
both general applications of nanotechnology, and agrifood 
related applications specifically, may contribute to 
understanding future consumer responses to agrifood ap-
plications of nanotechnology. 
 
Public attitudes towards nanotechnology as 
an enabling technology  
A limitation of the existing literature focused on public 
perceptions of nanotechnology is that it has tended not to 
focus on specific applications (Berube, Cummings, Frith, 
Binder, & Oldendick, 2011; Cacciatore, Scheufele, & 
Corley, 2011; Cobb, 2005; Gaskell et al., 2004; Lee, 
Scheufele, & Lewenstein, 2005; Macoubrie, 2004; Pidgeon, 
Harthorn, & Satterfield, 2011; Reisch, Scholl, & Bietz, 
2011; Scheufele & Lewenstein, 2005; Sheetz, Vidal, 
Pearson, & Lozano, 2005). It is recognised that risk benefit 
perceptions, rather than risk perceptions alone, 
 
may determine how consumers respond to different nano-
technology related applications (Burri, 2007; Conti, 
Satterfield, & Harthorn, 2011; Retzbach, Marschall, 
Rahnke, Otto, & Maier, 2011; Sheetz et al., 2005; Smith, 
Hosgood, Michelson, & Stowe, 2008), although how con-
sumers “trade off” such perceptions when making decisions 
about specific products developed using nanotechnology is 
less well understood. In general, the literature suggests that, 
overall, public attitudes towards nanotechnology tend to be 
somewhat positive, and that the perceived benefits of nano-
technology tend to outweigh the perceived risks (Burri & 
Bellucci, 2008; Priest & Greenhalgh, 2011; Satterfield, 
Kandlikar, Beaudrie, Conti, & Harthorn, 2009; Scheufele & 
Lewenstein, 2005; Stampfli, Siegrist, & Kastenholz, 2010).  
Public perceptions of, and attitudes towards, nanotech-
nology arise within the context of the society in which they are 
embedded, even if public knowledge about under-lying 
scientific processes is incomplete. It has been argued that 
support for nanotechnology will increase as public awareness 
of the science itself increases (Vandermoere, Blanchemanche, 
Bieberstein, Marette, & Roosen, 2011), but this is not supported 
by empirical analysis of the im-pacts of information 
interventions (Fischer, van Dijk, de Jonge, Rowe, & Frewer, 
2013; Kahan, Braman, Slovic, Gastil, & Cohen, 2009). 
Provision of information about nanotechnology may influence 
the attitudes held by different (groups of) individuals in 
different ways. For example, providing people with “balanced” 
information about the risks and benefits of nanotechnology 
results in some individuals becoming more positive, others 
more negative (Kahan et al., 2009). However, many people 
remain “ambivalent”, holding neither positive or negative 
information, after receiving balanced information (Fischer et 
al., 2013). Ambivalence is generally experienced as un-
pleasant by those experiencing it (van Harreveld, Rutjens, 
Schneider, Nohlen, & Keskinis, 2014). As a consequence, 
people will tend to shift their attitudes towards non-
ambivalence through the selection of information that 
strengthens their attitude in one direction only (Nordgren, van 
Harreveld, & van der Pligt, 2006). One interpretation is that the 
current level of ambivalence reported by con-sumers may be a 
consequence of the limited number of products commercially 
available (or which can be identi-fied as being produced using 
nanotechnology in the absence of labelling). This means that 
making decisions about the acceptability or otherwise of 
products is not necessary, and so an ambivalent position can be 
maintained. An alter-native interpretation is that ambivalence 
may indicate that there are potentially unresolved social issues 
associated with nanotechnology (Rogers-Brown, Shearer, & 
Harthorn, 2011), which makes the formation of a non-
ambivalent attitude difficult. Thus the introduction of prod-ucts 
developed using nanotechnology may “trigger” posi-tive or 
negative attitudes (depending on the extent to which consumers 
perceive that there are risks or benefits 
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associated with specific exemplars). Alternatively a high 
profile media event may also influence attitudes in either a 
positive or negative direction, depending on what has 
occurred and how this is interpreted by consumers (Frewer 
et al., in press).  
The media has been found to be influential in informing, 
engaging and influencing public opinions associated with 
nanotechnology (Donk, Metag, Kohring, & Marcinkowski, 
2012; Groboljsek & Mali, 2012; Ho, Scheufele, & Corley, 
2011; Metag & Marcinkowski, 2013; Scheufele & 
Lewenstein, 2005; Sch€utz & Wiedemann, 2008). The 
importance of information pro-vided by the media may 
allow the use of cognitive shortcuts or heuristics and trust in 
scientists in shaping public opinion about nanotechnology 
(Scheufele & Lewenstein, 2005; Smith et al., 2008).  
Public attitudes towards science and technology in gen-eral 
may also be important predictors of peoples views (Retzbach 
et al., 2011; Scheufele & Lewenstein, 2005). There is also 
evidence to suggest that attitudes toward tech-nologies that 
have already been introduced may influence the perceived 
benefits associated with different applications of 
nanotechnology (Stampfli et al., 2010). Similarly, reli-gious 
beliefs, and moral concerns may influence consumer 
acceptance of science and technology, and their applica-tions 
(Brossard, Scheufele, Kim, & Lewenstein, 2009; Scheufele, 
Corley, Shih, Dalrymple, & Ho, 2009). Trust in industry 
(Siegrist, Cousin, Kastenholz, & Wiek, 2007) and/or 
governmental intuitions with regulatory responsibil-ity 
(Macoubrie, 2006) has also been found to influence pub-lic 
acceptance of nanotechnology, such that the greater the trust 
placed in industry or governmental institutions respon-sible for 
innovation and regulation, the more likely the pub-lic will be to 
accept the application of nanotechnology. Perceptions that 
social justice is being served, and the vulnerable are being 
protected, have also found to influence risk perceptions 
associated with nanotechnology (Conti et al., 2011). A 
question arises as to whether differences in consumer 
perceptions and attitudes exist in the devel-oped, as opposed to 
developing, world. The potential importance of active societal 
and consumer participation in product development and 
commercialisation associated with nanotechnology has been 
noted as being relevant for both the developed and developing 
world, although the out-puts of such participation may be 
contextualised by local circumstances (Burgi & Pradeep, 2006). 
Optimism regarding the application of nanotechnology in 
general has been reported in Iran (Farshchi, Sadrnezhaad, 
Nejad, Mahmoodi, & Abadi, 2011). Similar results were 
reported for high school students (Sahin and Ekli (2013) and 
adults (Senocak, 2014) in Turkey. In India, which has invested 
in nanotechnology, however, there is little activity focused on 
understanding public attitudes and priorities, despite exten-sive 
scientific research activity being conducted (Jayanthi, Beumer, 
and Bhattacharya (2012). Whilst there is no evi-dence to 
suggest that there is a systematic difference in 
 
attitudes between consumers developed and developing 
countries, more research is needed to establish if the puta-
tive benefits of application are perceived to be more sub-
stantial in less affluent countries. 
 
Public attitudes towards nanotechnology applied in 
the agrifood sector  
Of direct relevance to discussion of agrifood applica-
tions of nanotechnology is the observation that that the 
perceived characteristics of different types of nanotech-
nology application may differentially influence acceptance. 
For example, Priest and Greenhalgh (2011) reported that 
most future benefits anticipated by participants were in the 
areas of medical advances, rather than in other areas of 
application such as agrifood production. Conti et al. (2011) 
studied risk perceptions associated with nanotech-nology 
across different areas of sectorial application (en-ergy 
production, food production, and medical application) and 
demonstrated that food-related applica-tions of 
nanotechnology are most likely to raise societal concern 
when compared to other applications. For different areas of 
application, different ways of framing or imple-menting the 
technology may be needed to mitigate con-cerns specific to 
particular application areas (te Kulve & Rip, 2013).  
The factors which drive consumer acceptance may differ 
from those posited as relevant by experts in the area. Gupta 
(2013) compared expert and consumer opinions of what factors 
will drive societal acceptance or rejection of different 
applications of nanotechnology, including agri-food 
applications. In comparison to experts (Gupta, Fischer, George, 
& Frewer, 2013; Gupta, Fischer, van der Lans, et al., 2012), 
consumers emphasised the importance of ethical concerns as a 
determinant, or otherwise, of accep-tance of specific products, 
but had less concern regarding potential physical contact with 
the product when compared to what had been predicted by 
experts. Similarly consumers were less concerned about food-
related applications of nanotechnology than expert predictions 
of consumer concern indicated. However, under circumstances 
where research had initially been framed by questions directly 
asking about risk, both consumers and experts were more 
concerned about risks when compared to the results of research 
where such framing had not been included in the research 
design (Gupta, 2013). Despite such framing, con-sumers 
perceived food and medical applications to be the most useful 
and necessary applications of nanotechnology. Some cross-
cultural analyses have been conducted. For example, Liang et 
al. (2013) report that Singaporean citi-zens appear more 
familiar with nanotechnology than those in the US, and 
perceive greater benefit and less risk to be associated with it. It 
is arguable that nanotechnology applied to food production (for 
example, in order to in-crease food security) may be more 
valued by consumers in countries where there is greater 
perceived need. As is the case in affluent countries, data 
regarding consumer 
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attitudes towards nanotechnology applied to agrifood is not 
extensive. An example includes a study examining attitudes 
towards nanotechnology used in food and food packaging in 
Mexico (L_opez-V_azquez, Brunner, & Siegrist, 2012) 
which reported little evidence that consumer attitudes 
differed between the two countries. Overall, there is insuf-
ficient information available to systematically compare 
consumer attitudes in developed and developing economies.  
Some attitude research has focused specifically on the 
application of nanotechnology in the agrifood sector. Food 
packaging which utilises nanotechnology has frequently 
been reported as being perceived to be more beneficial than 
foods which similarly utilises nanotech-nology (Siegrist et 
al., 2007; Siegrist, Stampfli, Kastenholz, & Keller, 2008). 
However, cultural differentia-tion regarding the 
acceptability of packaging to consumers has also been 
identified. For example, French consumers are more 
reluctant to accept food packaging utilising nano-
technology, whereas German consumers are less inclined to 
accept food fortification achieved using similar technolog-
ical innovations (Bieberstein, Roosen, Marette, 
Blanchemanche, & Vandermoere, 2013). The issue of 
perceived benefit is, as has been discussed, important. How-
ever, while health benefits being associated with foods pro-
duced using nanotechnology appear to increase consumer 
acceptance, consumers may not be willing to pay more for 
these benefits (Marette, Roosen, Bieberstein, 
Blanchemanche, & Vandermoere, 2009). Perceptions that 
foods produced by nanotechnology are in some way 
“tampering with nature” (Chun, 2009) provokes compari-
sons with public perceptions of GM foods (Frewer et al., 
2013). Indeed, the association between the food produced 
using nanotechnology and GM-food is often made by ex-
perts (Gupta, Fischer, van der Lans, et al., 2012). News-
paper coverage of agrifood nanotechnology is relatively 
modest in terms of frequency of reporting, the thematic di-
versity of reporting, and the level of journalistic expertise 
from which it was produced (Dudo, Choi, & Scheufele, 
2011). A sudden increase in media reporting of the risks or 
benefits of foods produced using nanotechnology may 
rapidly crystallise consumer attitudes. The impact of 
 
communication via social media is less well understood 
(Rutsaert in press, 2013).  
Taken together, this suggests that care should be taken 
not to oversimplify or underestimate the complexity of fac-
tors affecting consumer acceptance of agrifood nanotech-
nology. Issues related to social trust, the relative position of 
stakeholders and institutions regarding the development and 
application of nanotechnology, and human and envi-
ronmental health risks and how these are perceived, are 
“dynamic, complex, interactive, and interdependent” 
(Yawson & Kuzma, 2010). 
 
Ethical considerations within society  
Ethical and moral considerations have been shown to in-
fluence public acceptance of novel food technologies (e.g. 
Swierstra & Rip, 2007), and nanotechnology is no excep-
tion to this (Coles & Frewer, 2013; Grunwald, 2005). The 
ethical basis for future consideration of nanotechnology 
applied to foods has been considered elsewhere (Coles & 
Frewer, 2013). In summary, the basic ethical principles of 
beneficence, non-malfeasance, justice and autonomy readily 
map across to important governance issues of benefit, risk, 
choice and the differential accruement of risk and benefit 
(see Table 1).  
Due consideration of ethical issues, and how these are 
perceived by (different segments of) society is not only 
required as an integral part of the governance process, but 
must also be considered by scientists, producers and manu-
facturers as part of a responsible research and innovation 
approach (von Schomberg, 2013).  
Table 2 provides examples of different applications of 
nanotechnology which may be associated with consumer 
perceptions of risk, benefit, and ethical concern. 
 
Discussion  
The current (lack of) consumer debate associated with 
agrifood nanotechnology may be a consequence of (some 
of) the following. 
 
 Technological innovation applied to food production per se 
is not societally unacceptable. Rather (perceived) 
characteristics of specific technologies, or their  
  Table 1. The relation between governance and ethical principles associated with the application of nanotechnology. 
 
Governance issue Ethical principle 
  
Identification of Benefits associated with the (specific) Beneficence: Any identifiable benefits associated with the technology application 
application of nanotechnology  
Identification of the Risks associated with the (specific) NoneMalfeasance: The requirement to do no harm or at the very least 
application of nanotechnology minimise harms 
Differential accruement of risk and benefit associated Justice or fairness: Distribution of risk and benefit such that benefits do not 
with a (specific application of) nanotechnology to accrue to one stakeholder while another bears the bulk of the risk 
different stakeholders or groups in the population  
End-users, consumers or other stakeholders can choose Autonomy: End-users, consumers or other stakeholders are provided 
whether to adopt, be exposed to, or utilise (a specific with sufficient information and freedom to enable them to decide whether or 
application of) nanotechnology not they wish to adopt or make use of nanotechnology applications in the 
 food chain. 
 
 
 
application, or how these are regulated, may potentially 
be drivers of societal negativity. Thus the application of 
nanotechnology to food production may be acceptable to 
(some) consumers.  
 It is too early in the implementation trajectory for societal 
negativity associated with specific applications of agri-food 
nanotechnology to have arisen, as consumers are not 
familiar with either nanotechnology or its application within 
the area of agriculture or to the human food chain   
 Lessons from the application of GM food technologies have 
been implemented by regulators and industry in the case of 
nanotechnology, which has resulted in increased acceptance 
of agrifood applications by consumers.  
 
The first argument assumes that consumers evaluate the 
characteristics of all technologies, including those applied in 
the agri-food sector, against similar criteria. There is some 
evidence that consumers perceive risks and other con-cerns to 
be associated with nanotechnology when applied in the 
agrifood sector. However, this may, in part, be a meth-
odological artefact, as consumers do not spontaneously raise 
the issue of risk in the context of agrifood applications of 
nanotechnology (Gupta, 2013). People’s concerns focus on 
specific application areas rather than the technology be-ing 
utilised to produce that application. For example, nega-tive 
consumer attitudes associated with “smart pesticides” focus on 
the issue of pesticide use (in line with the values promoted in 
a post-productivist society) rather than on the issue of 
nanotechnology being applied (Gupta, 2013). Consumer 
rejection of GM foods may be technologically specific and not 
generalise to other agrifood technologies. A case in point, GM 
appears to be associated with percep-tions that environmental 
impacts are potentially irreversible as living organisms are 
involved. In comparison, nanotech-nology may be perceived to 
be potentially amenable to mitigation strategies should 
unintended or intended envi-ronmental releases of 
nanomaterials occur, and negative environmental impacts 
result.  
The second argument, that it is too early in the imple-
mentation trajectory for consumer attitudes towards specific 
applications of agrifood nanotechnology to have crystal-
lised, is potentially valid. At the present time, food and 
agricultural applications of nanotechnology are largely un-
identifiable by consumers, if already on the market, and are 
relatively scarce compared to other sectors such as cos-
metics application as (DeLouise, 2012; Raj, Jose, Sumod, & 
Sabitha, 2012). This may be because of expert reticence to 
launch agrifood products which they perceive may be re-
jected by consumers (Frewer, Bergmann, et al., 2011; 
Frewer, Norde, et al., 2011; Gupta et al., 2013). At the same 
time, there has been limited coverage of nanotech-nology in 
general and nanotechnology agrifood production in 
particular, in contrast to that associated with GM foods (e.g. 
see Frewer, Miles, & Marsh, 2002; Pidgeon et al., 2003; 
Scheufele et al., 2007). The occurrence of a high-profile 
event, in particular one which is perceived by the 
 
public to be potentially risky and to have been hidden to 
protect the vested interests of industries or institutions, or 
one which is associated with little societal or consumer 
benefit, may rapidly amplify societal negativity towards 
agrifood nanotechnology, and might impact on nanotech-
nology applied in other sectors.  
The third argument, that lessons learned from the societal 
introduction of GM (in particular applied to the agrifood 
sector), have been applied to the introduction of agrifood 
nanotechnology. (Gupta, 2013). One result is that the food 
industry is reluctant to introduce advanced technologies, which 
makes it difficult to monitor consumer responses to specific 
products as these are not widely available to con-sumers. 
Against this, the mandatory labelling of consumer cosmetics 
within Europe has resulted in very little societal response 
(European Commission, 2012
1
), perhaps because consumers 
can choose whether or not to buy specific prod-ucts, and the 
benefits of this particular sectoral utilisation of nanotechnology 
have been tailored to the needs of those consumers most 
receptive to them. As has been noted, con-sumer rejection of 
1st generation GM foods has been linked directly to the lack of 
personal and societal benefits perceived to be relevant to 
consumers. Understanding what benefits consumers want from 
foods produced using nano-technology, and developing 
concomitant products, will ensure new technological 
developments and applications align with societal responses.  
Indeed, various policy documents have identified the 
need for public engagement in relation to the development 
and implementation of emerging technologies (Renn & 
Roco, 2006; Royal Society and Royal Academy of 
Engineering, 2004; Stemerding & Rerimassie, 2013). The 
rationale for effective stakeholder, expert and public inputs 
into the research and development, commercialisation and 
policy process associated with emerging technologies has 
been established (e.g. Powell & Colin, 2008; Renn & Roco, 
2006), although the lack of policy impact associated with 
such engagement has also been recognised as prob-lematic. 
For example, various authors (e.g. Glasner, 2002; Petts, 
2008; Rowe & Frewer, 2005), have noted that there is a lack 
of evidence demonstrating that public trust in pol-icy and 
policy making institutions is increased as a result of public 
engagement. Others (e.g. Kenyon, 2005) suggest that there 
is a lack of generalizability of results across a broad policy 
issue (for example, in the context of agri-food nano-
technology and its regulation). Given that public engage-
ment has tended to be applied prior to technological 
introductions, rather than subsequent to their application 
(Delgado, Kjølberg, & Wickson, 2011; Macnaghten, 
Kearnes, & Wynne, 2005), the issue of policy impact (and 
how this is assessed) remains. 
 
 
 
 
1
 http://ec.europa.eu/dgs/health_consumer/dyna/enews/enews.cfm?al_ 
id¼1276, Accessed 07.04.14. 
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Conclusions  
An important part of consumer acceptance of agrifood 
nanotechnology is societal inclusivity in the process of product 
design, development, and commercialisation of different 
applications. There are many ways to collate in-formation about 
societal preferences and priorities, for example through 
qualitative and quantitative research which can be applied to 
“fine-tune” the final delivery of different applications to the 
consumer. In terms of regula-tion and governance, it is 
important to ensure that the out-puts of public engagement and 
consultation, as well as expert and stakeholder preferences and 
priorities, are explicitly addressed in the development of 
regulatory and governance strategies. Ethical issues and 
concerns cannot be ignored in policy development. It may also 
be important to assess consumer responses to the first 
generation of prod-ucts developed. The development of these 
principles are a consequence of lessons from the GM debate, 
and can be adapted to take account of specific characteristics of 
nano-technology which may not generalise to the development 
and application of all enabling technologies. Various ques-tions 
need to be asked of agrifood applications of nanotech-nology 
(and indeed other enabling technologies) applied in agri-food 
production and their applications during the im-plementation 
and commercialisation process. These are: 
 
 Do the applications to the agrifood sector meet a recog-
nised societal or consumer need?   
 What similarities with potentially societally 
controver-sial aspects of previously applied agrifood 
technologies can be identified?   
 Are additional issues raised over and above those asso-
ciated with other enabling technologies applied to food 
production?   
 How can benefits and risks be equitably be distributed 
across all stakeholders?   
 What needs to be done to fine tune the development and 
implementation of agrifood applications of 
nanotechnol-ogies to align with consumer priorities, 
adoption and commercialisation of specific applications?  
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